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INVESTIGATION OF HORN BALANCES ON A 45° SWEPI!BACKHORIZONTAL

By

TAIL SORFACE AT HIGH SUBSONIC SPEEDS

Harold S. Johnson and Robert F. Thompson

+
SUMMARY

An investigation was made in the Langley 300 R@I and high-spsed
7- by l&foot tmnels of the aerodynamic characteristics of a 45° swept–
back, semispanj horizontal tail surface equipped with a horn+alanced
2>percent+hord elevator. The effects of horn size and horn inboard-
edge fairing were determined at low speed end one of the configurations

. was investigated through a speed rsmge to a Mach nuniberof O.8$).

The studies at low speed showed that the horn was effective on a

d swept horizontal tail and that a given chamge in horn size was about
five times as effective in baknc ing the variation of hinge moment with
deflection Cha as the change of hinge moment with singleof attack

c%”
Fairing the horn inboard edge reduced the effectiveness of horn in
balancing the hinge moments caused by elevator deflection.

Although the particular arrangement investigated through the speed
range was overbalanced at moderate and high speeds, it is believed that
modifications such as a decrease in horn-balance size or a reduction in
elevator trailing+dge angle may make the horn t~ of balance satis-
factory up to high subsonic speeds.

—

-..

.-

.,

The change in lift coefficient with elevator deflection cLb

increased slightly as the horn size became larger and was unaffected by
changes in Mach number for the speed range investigated.

b The necessity “of
forces of the faster,

INTRODUCTION

pruviding a means of reducing
more heavily loaded airplanes

i..’” ‘
the high+~ed control
currenily

being designed while retaining sufficient control for landing

‘as‘resenteda‘rob’em‘0 N$!j&ymrs* ‘en ‘howa
A- -.

in use or
and ttie+ff .....
control
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system incorporates a power boost, it is destiable”-toIkilanceaero- ‘-
dynamically as much of the control force as possible. ~~ hqs been found..
that the use of a horn bsltice is one m&thod of reducing the aerodynamic
hinge moments at low speeds (references 1 to 4). In addition, the horn
type of balance provides a convenient attachment for counterbalances to
statically balence the control. In order to provide additional infor–
mation on the characteristics of balanced control surfaces suita%le for
high subsonic speeds, enfnvestigation is %e@ conducted in the
Langley 7–bY 10-foot tunnels. This report presents the results of an “~
investigation of a.hs” sweptba’ck,untapered, a@nispanJ horizontal-tail
model equipped with a .horn-%mlancedelevator.

In order to determfne the effects of horn:size and-of fairing the
horn inboard edge (normal to hinge axis) on the hhge+mment parameters,
three sizes of horns were investigated at a low Mach numler (M = O.~0).
One of these configurations that app&red satisfactory at low speed was
investigated through a speed range up to ELMach number of 0.89. The
effects of fixing transition were also studied at several Mach numbers.

MODEL ~“ APPARATUS

The semispan horizontal-tail model used for the investigation had
an NACA 0012 airfoil section perpendicular to the l.eadir@edge, an aspect
ratio of 3.00 (based,on the full-pan dimensio-fis),a taper ratio of lj
4>0 of sweepback, and was equipp~ with a.0.25c1unsealed, horn+alanced
elevator with a radius elevator nose. The model was constructed of
herdened steel to the plan form Indicated in figure 1. The radius tip
and the horn filler blocks were constructed of”’wood. The horn hlance
was trbngular in shape end the horn inboard edge was perpendicul& to
the elevator hinge axis. The model was so con&&ucted that the size of
the horn could be changed by attaching filler blocks to the inboard edge
of the horn or.to.the wing. Three amounts of ljalance(ta%le I), referred
to in the text and on the figures as the smellj intermed~ate, and large
horn, were tested; in addition, the intermediate horn was tested with a
rounded inboard edge, referr”edto herein as the faired horn. The dimen-
sional characteristics of the four horns me jjesented in fi~e 2 and
table I. Structural calculations indicated that more than two hinges
would be necess~. Reference ~ indicates tkt for elevators having
three hinges the hin.ge+nomentincrements resultingfrom distortion can
be an appreciable fraction of the total hinge moment. T~ avoid the
inclusion of these structural hing=oment inijements, the elevator w& –

—-

constructed in two spanwise segments and the ~+nch gap...%etweenthe two
16

halves was unsealed. The elevator hinge:momerit:swere measured IJY
—.

calibrated beam-type electrical strain gages mojmted within the stabilizer.
The elevator deflections were varied W chagtijg the str@n~ge yokes
attached to the elevator.
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Page 3:
is in

The formula follotiIM the definition of the coefficient Ch
error and the symbol b therein should be replaced with the

symbol bl, which is defined as “twice the elevator-semispafimeasured
along hinge line, feet.lt

NACA-Langley -l-90 -E4- 42-%
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The semispau model was mounted verticaUy in the Langley 300 mph and
high-speed.7- by 10-footj tunnels as shown in tigure 3 with the root chord
ad@oent to the tunnel ceiling which thereby acted as a reflection plane.
The model was supported entirely %y the balance frsme so that all forces
sn? moments acting on the model could be masured. A small clearence was
maintained between the model ti the tunnel ceiling. A metal end plate
was attached to the model to deflect the air flwing into the test section
through the clearance hole in order to minimize the effect of this air flow
on the flow o~er the model. Provisions were made for changing the angle of
attack of the model while the tunnel was in o-ration.

Most of the tests were performed with transition free on the model.
For the tests with transition fixed, 0.00%inch+ismeter Carborundum
grains were sparsely spread over both the upper and lower surfaces of the

model at the 10-percent+hord station in ~—inch=wide strips.
8

The Lamgl.ey300 mph snd high-speed 7-by 10400t tunnels are closed-
throat, single-return tunnels. TurlniLencemeasurements made in the 300 mph ‘-
tunnel indicated that the turbulence factor is very close to unity. Though
the turbulence of the high+peed-tunnel air stream has not been determined,
it is also thought to be low since both tunnels have large tunnel-contraction
ratios (about 14 to 1).

—

CL

CD

cm

ch

L

D

M

coEI?FIcrENTsAND SYMBOIS

The coefficients and symbols used in this paper are defined as follows:

lift coefficient (L/qS)

drag coefficient (D/qS)

//

.

pitchin~ment coefficient (M/qSct)

elevator htnge+uoment coefficient (H/~~~~

twice lift of semispan model, pounds

twice drag of semispan model, pounds

twice pitching moment of semispan model, measured about the low-
speed aerodynamic center (1.63 ft behind root+ohord leading
edge), foot—wunds

-
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twice hinge mcment of eemi.spanmode~ elevator measured about the
elevator hinge line, foot-punds

twice area of semispan model, 9.22 bquare feet
.

area of semispan model elevator betind hinge line, 1.15 square
feet

area of model horn, square feet (See table I“.)

twice span of semlspan model, 5.26 feet

mean aerodynamic chord, 1.V feet “

root+nean+quare chord.of model elevator behin~ hfnge line
(measured per~ndicular to hinge line), 0.31 foot

average chord of model elevator behfid hinge line (masured
pm~ndfcular to hinge line), 0.31 foot

average chord of model horn (measure:d~rmndicular to hinge
line), feet (See table X.)

)balance coefficient (~-

angle of attack of model with res~it to chord plane, degrees

.-. .

.

.—

—

elevator deflection relative to stabilizer, measured normal to
the elevator hinge line
degrees

Mach number (’v/a) ,

free-stream velocity, feet

(positivewhen

per second

{railing edge is down),

-—

()free-stream dynamic pressure, pounds;~r square foot .~

mass density of air, slugs per cubic-foot
.—..

sped of sound, feet ~r second
—.-

.-
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.

The
constant
measured

subscrims outside the parentheses indicate the factors held
during the measurement of the parameters. The slopes were
inths vicinity of a = 0° and ~e = d.

CORRECTIONS

Jetioundary corrections were applied to the mgl.es of attack and to
the drag-coefficient data in accordance with the fdkwing equations which
were determined by the =thod of reference 6, using unpublished values of
loundary-inducea ~pwash ccnnputed for swept ~ngs: -

a=~+o.753c
%4

CD=C
%4

+ 0.0083c 2
%4

indicates measured values. The jet40undarywhere the subscrim M
corrections to the lift, pitching+n.omnt, and hinge+noment data were
considered negligible end hence were no.

~$zs’ie’”
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All coefficients and Mach numbers were corrected for blocking by the
model and its wake. The tlockage corrections:were cmnputed by the methods
presented in reference 7.

The deflection of the model under load ig believed to have been small,
and, therefore, to have a negligible effect oq the aerodynamic character-
istics of the model. Corrections to the elev@or a@ledue to def~ection
under load, though of small magnitude, have been applied at ~ = O . No.
attempt was made to correct for the air flow @rough the gap at the root --

of tie model or between the two elevator segments.
..

TE31!sAND TEsT Comrllcom
,_ _—.

For the model equipped with the faired ~d the large horn bslances,
test data were obtained for ten values of elevator deflection covering a
range of from 0° to -30°. For the model with ~theQL.and intermediate
horns, the elevator deflection r~ge was limited to -7.8°. The tests
were made through an angle+f-attack range of ,from0° t&rough the yositive
stall and from 0° through the negative stall except for..conditionswhere
tunnel power limitations restricted the angl&of-attack.range. The model
with the faired horn was tested at eight value:sof Mach_number covering
a range of.~om O.30 to 0.89. The test~ of th-emodel equiyped with the
small, intermediate, end large horns were made at M = 0.30 in the
Langley 300 mph 7–by 10+foot tunnel. For cla&ity on the figures, not all
of the test data sre presented. All the test data were used in the deter@-
me.tionof the verious pemmet”ers.

Tests were made at several representativeMach nmbers to determine
the effects of fixing transition.

The choking Mach numler of the high+peeii~tunnel, based on one-
dimensional-flow theory end the dimensions of the present model, was
estimated to be about-0.92. With this choking Mach number, experience
has indioated that the d&a would te valid
(0.89)obtained durin.gthe tests.

The variation of test Reynolds number
test conditions is presented as figure 4.
on the mean aerodynamic chord (1.77 ft).

up~to the highe=t M&h number

with Mach number for average
The Reynolds numbers are based

.

.
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DISCUSSION

Effect of Horn Size

The veriation of the aerodynamic coefficients CL, CD, Cm, =d Ch
angle of attack at ahl.achnuniberof 0.30 is presented in figures 5
for the three sizes of horns tested. me hi~nt coefficients

presented are for the complete elevator, (the sum&tion of the hinge
moments of the two spemwise segmnts).

The effect of horn size on the hinge+noment parameters
%

and Chb

is shown in figure 8 and table 11 where the horn size is expressed hy the

term balance coefficient B = @iq----E Secej which Wevious analyses have
shown to be a good indication of balmce effectiveness. (See references 2
to 4.) As expected,

c%
end Ch increased positively with increasing

5
horn size.

c%
chenged more rapidly than C for a given change in

ha.
balance coefficient, the ratio being about five to me. !RIisis much
larger than for the horn balsnce on unswept surfaces where the ratio was

* more nearly one. The elevator was overbalanced for balance coefficients
greater than about 0.31. The rate of change of hinge+noment coefficient
with angle of attack becu positive at a balence coefficient of about 0.38.

*
The effect of horn size on the lift paremters is shown in figure 9

and table 11. As expected, the rate of change of lift coefficient with
-e of attack C% was relatively unaffected by changes in horn size.

As the balance coefficient was increased, the rate of change of lift coef-
ficient with elevator deflection C

%
and thereby the elevato~ffectiveness

parameter ~ increased slightly. The numerical increases in C

and ~ are attributed to the increased area of the elevator.
%

Effect of Hon Inboard+kige Shape

Additional tests were made with the flat inboard edge of the inter-
mediate horn faired (fig. 10). Fairing the ifioard edge of the intermediate-
SiZe horn I?eSd133d in a hW@ decrease b Chs (fr03n0.0025 tO a.oo14)

and eliminated the overbalanced condition (fig. 8 and table 11), but-had
little effect on C

%“
Reference 4 shows a sintllkreffect of horn nose
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shape.on the hinge+nnent pemmeters for an @swept tai–lsurface. These
results indicate that the inboard edge.of thepresent horn acts as a r
leading edge and that varying the horn nose shape proviclesthe designer.
with a powerful tool for ad3ustlng the balsmc$ng characteristics of a
control surface once a satisfactory value of rate of change of hinge-
moment coefficient with angle of attack is obtained.

.

The horn inboard-edge shape had little & no effec~ on the control-
surface lift characteristics. (See fig. 9 en~ta%le 11.)

To pro~ide the small control forces and.~>e control response desired,

Cha should ha~e a small negative value and the value of Ch should be
a

near zero. On this basis, the model with the faired horn leading edge
exhibited the most desira%le hinge+mxnent characteristics at low speeds. —

.—
Effect of Mach Number

,-=

——

The aerodynamic characteristics of the faired horn throu@ the speed
range up to Nf= 0,89 sre presented as figure$ 11 to lg. The variation ‘
of the hinge-manent parameters Cha and Ch~ ‘withMach number (fig. 19)

shows that Ch~ decreased negatively (or incr?ased positively) with
4

increasing Mach number, and the elevator waq o~er@lanced at Mach numbers
greater than about 0.63.

‘he Chmge h c% :th&chnwber ‘s ‘airq. p i
linesr up to a Mach number of a%out 0.80; for “~ch nu@ers greater
then 0.82, Ch increased rapidly with hfachmiber. A study of the

B
hinge+oment characteristics of the inbosrd end outboard portions of the
elevator (data not presented) shows that the Ch

.5
values for the inboard . . =

segment of the elevator did not very with Mach ?m.uber. Since the inboard
portion of the elevator exhibited no variation-of Ch

.5
with Mach number

end the effects of spanwise control-surface location on the hingeamment
parameters of unbalanced surfaces at low Mach nlunbersere smell (refer-
ence 8), It iS believed that most of the positi~e increase in

— c% :
with Mach number may le attributed to the fact that the balancing power
of the horn becomes more effective at higher Mach”numbers. The param-
eter Cha increased positively with Mach number, more rapidly at the

higher Mach numlers, and attained a value of about 0.001.6at M = 0.89.
In addition, a study of figures 11 to 18 reveak that both Ch

.“

a
and Cha

generally increased negatively as the angle of attack is varied Nom a = OO.
.

@iipqE7.----

!
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Because of the overbalancing tendencies shown at high Mach numbers,
the results indicate that the horn tested was too large. Decreasing the
horn size would reduce or eliminate these overlxalancingtendencies although
the lo~peed stick forces would be increased. These overbalancing ten–
dencies at the higher Mach numbers would.proba%ly be eliminated by using
a horn ?mlsnce on a control surface having a small trailin&edge angle.
(See reference 9.)

The veriation of the lift perimeters
c% - %

and the elevator.

effectiveness factor ~ with Mach nuniberis shown in figure 20. These

data show that ~ increased with Mach number, S@ that for the Mach
a

nrmiberrange tested the rate of increase of ~ with M was more rapfd
a

at the higher Mach nu?ibers;the values of CL increased from about 0.043
a

at M= 0.30 toO.071 at M= 0.89. Also presented in figure 20 are
values of CL determined by the method of reference 10. Thou@ the

a
theoretical values sre high, the variatims of the lift-curve slopes with
Mach number obtatied experimentally end theoretically are in very good
agreement. The theoretical values would be expected to be hfgh since the
method of reference 10 is based on a section lift-curve slope of 2Yr per
radian.

The p~meter
c%

did not vary with Mach number and had a value

of 0.015 for the speed renge investigated (fig. 20). However, at elevator
deflection greater then –10°, the lifi coefficient for a given deflection
decreased with speed (fig. 21), the decrease becoming more marked
es the elevator deflections were increased. This decrease in lift
coefficient as M was increased for elevator deflections of greater
than-lOO is probably due to the fact that the critical speed of the tail
surface is reached at lower values of Mach number with large elevator
deflections.

Because .ofthe aforementioned changes in CL and
%

with M, the
a

elevator effectiveness ~ decreased from a value of 0.35 at M = 0.30 to

about 0.29 at M = 0.99 (fig. 20).

The veriation of lift and dr~ coefficients with speed at Be = 0°

is presented in figure 22. These data show that for a given angle of
attack, the lift coefficient increased with Mach ”number,and this effect
became more pronounced as the engle of attack was increased tithin the test
rsnge. At 80 = 0°, increasing the Mach numbar produced no effect on the
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drag coefficient for angles of attack of less than about”-~o. For greater
angles of attack, ~ increased with Mach nuniber,and thts inorease becene v
more pronounced “asthe angle of attack was hcn%ased. For em angle of
attack of 10°, the drag coefficient increased~fra about 0.039 at M = 0.30
to 0.095 at N= O*%*

Effect of Transition

The model with trsmsition fixed at the lo-tircen~hord line was tested ““ . ._
at four representative I&h numbers. The effects produced by fixing tran-
sition were generally the ssme at the four.valu@ of l@ch_number tested and
figure 23 Is presented to show the effects of fixing transition on the
aerodynamic characteristics at M = 0.75. The test data indicate that
fixing transition generally had a very mia.11efl?ect”onth6-?iod61
characteristics.

—.. —

An investigation was made in the Langley 3~ mph and high-swed
7-by l&foot tunnels of the aerodynamic characteristics of a 45° sweptback,

A

semispan, horizontal tall equip~d with a hor&@lsaced 2>percent+hord
elevator. Tests were made of the model at low s~ed (M = 0.30) to
determine the effects of horn size and horn inbQsrd-edge fairing. The model -k”
equlpwd with the horn that gave the best low-s~ed hinge%oment characte~
istlcs was tested through a shed range (M = Q.30 to M = 0.89). The

-.

results of the invest@@ion led to the following conclusions:
—.

1. At a Mach number of 0.30, the rates of @mge of finge+mment
—

coefficient with angle of attack and with elevator deflection (& and Chb

increased positively as the horn+alance &rea w&i8increase-d. For a given
change in horn size, ~ changed approximately five times as mch as

8 %

2. The rate of change of lift coefficient with angle of attack C&

was unaffected by changes in horn size. The rate of change of lift coef-
ficient with elevator deflection CL and the elevator+ffectiveness

5
~ter qj increased

3. Fairing the horn
on Ch . The changes in

8

slightly with increasing horn size.

a=
inboard edge had a pron@.mced unbalancing effect —

c%
and in the lift pmwwters were negligible. —

c
.
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4. Although the particular arrangement investigated through the speed
range was overbalanced at moderate -d high speeds, it Is believed that
modification such as a decrease in hom+balac e size or a reduction in
elevator traili~dge angle may make the horn typ of balemce satisfactory
up to high subsonic speeds.

5. The increase of lift-curve slope with Mach n’miberis in good agree-
ment with theory. The rate of change of lift coefficient with elevator
deflection was unaffected by changes in Mach nuder for the swed range
investigated.

I@@ley Aeronautical Laboratory
National Advisory Conunitteefor Aeronautics

~ey Field, Va.
.
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TABLE I.- HORN DIMENSIONS

1
alfe~sured psrdlel to hinge line.

%easured nornwl to hinge line.
T

Hbrn Average
span, chord, Area, Balance

Horn (inj) (;;j) (Sq in.) coeffIcient~
B

Large 7.42 4.06 30.13 0.44
hbermediate 6.42 3*53 22.66 .36
Faired 6.42 3*53 22.66 .36
Small 5.42 2.99 16.20 .28
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TABLE II.- SUMMARY033THE AERomNAmc

F =‘d :

NACA RM No. L8J01

,
—

CHARACTERISTICS
--

I Horn
I

B

Large 0.44
Intermediate .36
Falred :;;
Eillall

Cha c% ‘a C% ~

0.0012 0.0075 0.0440 0.0195 0.443
-0003 .0025 .0430 .0165 .384

0 -.0014 ,0430 .0165 .3~4
–.0010 -.0024 .0430 .0160 .372l..●

b

-.

+.

.—

—

.

.
.

.
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Figure l.- Drawing of the 45° sweptback eemispan horizontal-tail model
equipped tith the large h ions are in inches.)
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